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HISTORY OF THE FOUNDATION
In 1984, the six surviving Mercury 7 astronauts – Scott Carpenter, Gordon Cooper, John Glenn, Walter Schirra, Alan
Shepard and Deke Slayton – came together with the goal of using their joint credibility to encourage students to pursue
scientific endeavors. That idea led to the formation of the Mercury 7 Foundation, which later became the Astronaut
Scholarship Foundation (ASF). Today, more than 100 astronauts from the Mercury, Gemini, Apollo, Skylab and Space
Shuttle programs have joined in the mission.

THE ASTRONAUT SCHOLARSHIP
Through the garnered support of astronauts, industry leaders, educational institutions and patrons, ASF awards meritbased scholarships to the best and brightest undergraduate students who excel in science, technology, engineering
and mathematics (STEM). The prestigious Astronaut Scholarship is known nationwide for being among the highest
scholarships awarded to undergraduate STEM students. Since its inception, ASF has awarded more than $4 million
in scholarships to more than 350 of the nation’s top scholars. The accomplishments of the Astronaut Scholar alumni
have profoundly impacted our nation through technological innovations in health care, energy, defense, aerospace,
homeland security, and so much more.

THE IMPORTANCE OF STEM
The STEM fields, and those who work in them, are critical engines of innovation and growth. While the United States
was once considered a leader in this area, the nation’s current educational statistics are alarming. Out of 148 countries,
the United States recently ranked 5th (and declining) in overall global competitiveness and 52nd in the quality of
1
mathematics and science education. For students who do pursue a STEM degree, less than 65% actually graduate in
2
that field.
According to one recent estimate, while only about 5% of the U.S. workforce is employed in STEM fields, the STEM
3
workforce accounts for more than 50% of the nation’s sustained economic growth. It is projected that over the next ten
4
years, seven of the ten projected fastest-growing occupations will be in STEM-related fields. Of the 20 highest paying
5
jobs, 16 will require STEM preparation. It is critical that the United States, as a nation, has the qualified workforce to fill
these vital positions.
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workforce initiative
The Astronaut Scholarship Foundation is pleased to announce that Jacobs, one of world’s largest and
most diverse providers of technical professional and construction services, has stepped up to be the
first corporate partner in the STEM Workforce Initiative campaign. Jacobs currently supports NASA
through major long-term engineering, scientific, and technical contracts at 10 major NASA centers and
sites.
Dan Pierre, VP for Jacobs AERO Line of Business, related that “We are very excited to have the opportunity
to support and connect with current and upcoming Astronaut Scholars through this partnership,
and encourage similar technically minded enterprises to join forces in stimulating the ambitions and
aspirations of our future scientists, engineers, and business/government leaders.”

STEM WORKFORCE INITIATIVE

Through this initiative, STEM Workforce Partners help raise awareness of the impact that science,
technology, engineering and math (STEM) have on our nation’s progress and economy. This partnership
provides the unique opportunity for companies to engage with some of the best and brightest STEM
university students, be among the first to recruit from this talent pool, and have a hands-on approach
to developing tomorrow’s STEM workforce.
To learn more about this initiative and the opportunities that Jacobs offers, please visit ASF’s website
at AstronautScholarship.org.

Jacobs Technology Inc. is a wholly-owned subsidiary of Jacobs Engineering Inc. (NYSE: JEC), one of the
nation’s largest services-only providers of scientific, engineering, technical, and advisory and assistance
services with approximately 60,000 employees and annual revenues exceeding $10B.
With more than 70 years of experience supporting Government and commercial clients, we have
earned a reputation for excellence and outstanding technical and managerial achievements in
quality, performance, and safety. Through an extensive portfolio of large services contracts, ranging
in size from nearly 100 personnel to more than 2,300 personnel, we have honed our philosophies and
practices for exactly the kind of environment that exists at Johnson Space Center (JSC). Jacobs currently
supports NASA through major long-term engineering, scientific, and technical contracts at 10 major
NASA centers and sites, and we understand the criticality of delivering the right group of employees
to support these national assets and their technically demanding missions. Our benchmark retention
statistics underscore our corporate-wide core value – “people are our greatest asset.”
Jacobs provides space systems-centric engineering, science, operations and maintenance services at
NASA JSC – NASA’s primary center for design, development, and testing of spacecraft and associated
systems for human spaceflight. Support includes providing technical expertise, investigative and
analytical skills, and spacecraft flight program experience such as design, development, certification, and
testing of hardware and software; operation and maintenance of on-site laboratories and facilities; and
research and development of new technology. We provide curatorial services for NASA’s astromaterials
collections, which include Apollo Lunar rocks, Antarctic meteorites, and returned samples from the
Genesis, Stardust, and Hayabusa missions. Responsible for several projects related to the new vision for
space exploration, including the Crew Exploration Vehicle (CEV) Parachute Assembly System, CEV Crew
Module Hypervelocity Impact Testing, Advanced Space Suit System Development, and James Webb
Space Telescope test facility modifications.
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Joseph Han, Ph.D.

ASTRONAUT SCHOLAR ABSTRACTS

jhh3851@yahoo.com
1999-2000 Astronaut Scholar, Texas A&M University
Lawrence Livermore National Laboratory
Joseph is an HPC Technical Consultant at Lawrence Livermore National Laboratory helping simulation scientists
prepare for exascale computing to enable simulations for basic science and national security needs. Previously, he
was a Consulting Member of the Technical Staff leading the modeling activities at QuantumScape using chemistry and
physics to revolutionize global energy storage technology. Joseph has also worked in the Office of the CTO at Penguin
Computing where he was tasked with leading the company into new areas where it could apply its HPC expertise
and at Intel Corporation in the TCAD Integrated Processing Applications Group. Joseph has held roles that dealt
with simulations of kinetics, thermodynamics, and material property prediction and design using ab initio quantum
mechanical electronic structure calculations, molecular dynamics and Monte Carlo simulations, and continuum
methods. Joseph has a B.S. and M.S. from Texas A&M University and a M.S. and Ph.D. from Stanford University in
Chemical Engineering. Joseph has served on the ASF Scholarship Committee in 2011 and 2012. He was elected to the
Astronaut Scholarship Foundation Board of Directors in 2013.

SPEAKERS

Matthew Fahrbach
matthew.fahrbach@gmail.com
2014-2015 Astronaut Scholar, University of Kentucky
University of Kentucky

Coefficients and Roots of Peak Polynomials
Billey, Burdzy, and Sagan showed that for all fixed subsets of positive integers S and all sufficiently large n, the number
of permutations on n elements with peak set S is enumerated using a unique polynomial p(S,x), called the peak
polynomial of S. They conjectured that the coefficients of p(S,x) expanded in the binomial basis centered at max(S) are
all positive. We show that this is a consequence of a stronger conjecture that bounds the modulus of the roots of p(S,x).
Furthermore, we give an efficient explicit formula for peak polynomials in the binomial basis centered at 0, which we
use to identify many integer roots of peak polynomials.
Matthew Fahrbach recently graduated from the University of Kentucky, where he studied computer science and
mathematics as an Astronaut and Goldwater scholar. For the past two summers, he researched algebraic combinatorics
at the University of Washington with Sara Billey, and he presented their research at conferences in Colombia, South
Korea, and at Harvard. In the fall, Matthew will begin his Ph.D. in computer science at the Georgia Institute of Technology.
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Christina Kreisch
ckreisch@wustl.edu
2014-2015 Astronaut Scholar, Washington University in St. Louis
Washington University in St. Louis

Cosmological Signatures of Massive Self-Interacting Neutrinos

ASTRONAUT SCHOLAR ABSTRACTS

Exploring potential effects of the neutrino’s mass can reveal new and unique knowledge about the universe. In the
standard cosmological model, neutrinos decoupled from the primordial plasma at T ~ 1.5 MeV and then began freestreaming. However, the presence of new interactions in the neutrino sector, such as those responsible for neutrino
mass, can significantly delay the onset of neutrino free-streaming. These effects alter the anisotropic stress history,
which is measurable with observables like the Cosmic Microwave Background (CMB) and matter clustering. For the
first time, we study the cosmological physics of self-interacting neutrinos while self-consistently taking into account
the neutrino mass. We present the results of numerically implementing the mass corrected collision term in the
Boltzmann equation. We find the neutrino mass and self-interaction have an additive damping effect on the matter
power spectrum for small scales and alter the phase and amplitude of the CMB temperature power spectrum.
Christina Kreisch is a Missouri native who is interested in astrophysics. She is particularly passionate about the
intersection of theoretical and observational cosmology. For the 2015-2016 academic year she has won a DAAD
Scholarship to do research at the Max Planck Institute for Astrophysics in Germany with Dr. Eiichiro Komatsu. In her
spare time, Christina enjoys competing in equestrian events. Beginning in the fall of 2016, Christina will pursue a Ph.D.
in Astrophysics at Princeton University.

John Farmer
jmfarme@g.clemson.edu
2014-2015 Astronaut Scholar, Clemson University
Clemson University

Simulating CO Emissions around Young Stars on the Palmetto Cluster
Carbon monoxide has long been known to be an excellent probe of protoplanetary systems (Herbig Ae/Be or
T-Tauri stars) through its ro-vibrational transitions in the infrared. By modeling warm gas in the circumstellar disk for
various free parameters and fitting the resulting synthetic spectrum to data taken from high-resolution near-infrared
spectroscopy, we can study these systems in great detail and ultimately constrain models of planet formation. Previous
computational work involving these simulations has been severely limited in scope by inflexibility of the code and its
inability to be run on computing clusters, leading to analysis of only minuscule portions of parameter space centered
around local minima. We present a flexible C++ code written for large-scale simulation and discuss preliminary results
of modeling HD10056 on the Clemson University Palmetto Cluster.
A Barry M. Goldwater Scholar and Astronaut Scholar, John earned a B.S. in physics, summa cum laude, from Clemson
University with general and departmental honors. John participated in research internships at Fermilab in Batavia,
Illinois and at the Cerro Tololo Inter-American Observatory in Serena, Chile. This fall, John will enroll at the University
of Chicago to pursue a Ph.D. in physics.
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Abigail Plummer
abigail_plummer@brown.edu
2014-2015 Astronaut Scholar, Brown University
Brown University

Numerical and Statistical Simulation of an Idealized Model Tachocline

ASTRONAUT SCHOLAR ABSTRACTS

A tachocline is a thin shear layer thought to play an important role in the magnetic activity of Sun-like stars. Motivated
by the need to better understand this layer, as well as the need to devise smarter geophysical and astrophysical
fluid modeling techniques, we analyze an idealized two dimensional model of the solar tachocline using numerical
and statistical simulation techniques. In particular, a joint instability is investigated in which the tachocline model’s
differential rotation is stable in the absence of a magnetic field but unstable in its presence. This joint instability occurs
in a physically realistic parameter regime for the Sun, and provides a challenging and complex physical system for
experimenting with statistical modeling techniques. A set of parameters are identified that produce a 10-year cycle in
which energy is transformed from kinetic energy to magnetic potential energy and back, mimicking observed cyclic
behavior in the Sun, using a Direct Numerical Simulation (DNS) in spectral space. Through the application of a number
of Direct Statistical Simulations (DSS) using the same parameters, elements of the cyclic behavior are replicated, and
insight is gained regarding the physics prompting these sharp transitions, suggesting that they are the result of eddies
interacting to form new eddies.
Abigail is a senior at Brown University studying Mathematical Physics. She grew up in Madison, CT. She will begin a
physics PhD program at Harvard University in the fall.

Sherman Lam
slam@g.hmc.edu
2014-2015 Astronaut Scholar, Harvey Mudd College
Harvey Mudd College

Tensegrity-Based Spherical Robot Design for Martian Lava Tube Exploration
“Lava tubes” are long, underground tunnels formed through volcanic activity. These lava tubes can range anywhere
from 1 to 10 meters in diameter. Through erosion, the ceilings of lava tubes can collapse, forming “skylights” to create
entry points. These lava tubes are known to exist on Earth, the Moon, and Mars. In particular, Martian lava tubes are
of scientific interest because the many layers of rock above the tube shield its interior from cosmic radiation. This
protection from harmful radiation creates a habitat that may serve as future human outposts or sustain existing life on
Mars. Exploration of these tubes will likely be led by autonomous robots. Accessing one of these tubes will require a
robot to drop through a skylight, fall up to tens of meters, and land on uneven terrain. Robots such as the current Mars
rovers are incapable of executing such a mission.
Harvey Mudd College’s (HMC) Lab for Autonomous and Intelligent Robotics is currently designing and testing a
spherical robot for lava tube exploration that can withstand large drops and operate in unpredictable environments.
This robot is housed in an elastic, spherical shell and moves around by shifting its center of mass. This unique
drivetrain increases the mobility of the robot and allows it to move in any horizontal direction. In addition, the robot
takes advantage of a unique type of structure known as a “tensegrity,” developed by Buckminster Fuller. This type
of structure is made of rods and cord that are connected in a configuration where rods are in perfect compression
and strings in perfect tension. These properties make the structure impact resistant, lightweight, and inexpensive.
The robot uses the tensegrity structure as an elastic shell for housing its drivetrain and payload. This platform was
inspired by Super Ball Bot, another tensegrity-based, rolling robot being developed by researchers at NASA’s Ames
Research Center. However, HMC’s robot features a simpler drivetrain that has the potential to be lighter and more
energy efficient. This presentation will present a prototype of this robot, and report on recent progress on the robot’s
locomotion capabilities.
Sherman Lam is a rising senior pursing a B.S. in Engineering at Harvey Mudd College. He is a member of the college’s
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Lab for Autonomous and Intelligent Robotics. His current research focuses on the design, fabrication, and testing of
“Spherebot” – a tensegrity-based rolling robot. This summer, he is excited to be working at NASA’s Jet Propulsion
Laboratory with the Extreme Environment Robotics Group on the miniaturization of a wall-climbing robotic platform.
After graduation, he aspires to work in the field of robotic space exploration, designing unique robotic platforms to
help execute new missions at increasing remote and challenging environments. Outside of academics, Sherman is an
avid outdoor enthusiast who enjoys rock climbing, backpacking, and mountain unicycling.

Bill Kalinowski
bklive@gmail.com
2001-2002 Astronaut Scholar, University of Colorado at Boulder
Ball Aerospace and Technologies Corporation

Current Satellite Missions at Ball Aerospace

ASTRONAUT SCHOLAR ABSTRACTS

Over the course of its 50 year history, Ball Aerospace has contributed to our nation’s civil, defense, and commercial
space programs with scores of spacecraft and instruments that have fundamentally changed the way we understand
our planet, solar system, and universe. These contributions include developing the Corrective Optics for the Hubble
Space Telescope (and a total of 7 instruments for Hubble), building the spacecraft that have produced much of
the commercially available high resolution satellite imagery (QuickBird, WorldView), and building the system that
continues to catalog planets outside our solar system (Kepler Telescope). This talk will provide an overview of recent
and current programs at Ball Aerospace including the recently launched WorldView-3 commercial imaging satellite,
America’s next weather satellite called the Joint Polar Satellite System-1 (JPSS-1), and a mission to demonstrate a new
space propellant called the Green Propellant Infusion Mission (GPIM).
Bill earned Bachelor’s and Master’s of Science degrees in Aerospace Engineering from the University of Colorado
(CU) at Boulder in 2002. Returning to CU in 2011, he completed a Master’s of Engineering degree in Engineering
Management with a concentration on applied statistical methods for business research and process improvement. Bill’s
professional interests include spacecraft development, hardware/software integration and test, business performance
improvement, failure analysis, and cross-functional team leadership. He has developed engineering systems in a
variety of organizational settings including an early stage start-up, domestic and over-seas research institutions, small
businesses, and large multi-national companies. Bill has been fortunate to work on projects as diverse as the next
generation of NASA manned spacecraft (Orion) and a one-mile deep underground laboratory designed to detect
dark-matter and anti-matter (the Deep Underground Science and Engineering Laboratory -- DUSEL). Currently, as
an Electrical Systems Lead at Ball Aerospace in Boulder, Colorado, Bill designs, builds, and tests the electronics and
computer systems for several satellites. When out of the office, Bill enjoys downhill skiing, mountain biking, craft beer,
playing his piano and guitar, and volunteering with a local non-profit.

Katie Burlingame
burlingamek5@yahoo.com
2010-2011 Astronaut Scholar, Washington University in St. Louis
Cimarron, Inc.

ISS Regenerative Environmental Control and Life Support System
The International Space Station (ISS) is a manned laboratory operating in orbit around the Earth that was built and is
currently operated by several countries across the world. The ISS is a platform for novel scientific research as well as a
testbed for technologies that will be required for the next step in space exploration. In order for astronauts to live on
ISS for an extended period of time, it is vital that on board systems consistently provide clean air and water. Currently,
ISS uses a regenerative environmental control and life support system to recycle human waste products such as urine,
sweat, and carbon dioxide into clean water and oxygen. This process significantly reduces the cost and mass required
to maintain a crewed presence onboard and provides experience with the types of systems that will be needed in
future exploration missions.
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Katie earned a B.S. in Mechanical Engineering and a M.S. in Biomedical Engineering from Washington University in St.
Louis. She currently works for Cimarron, Inc. in the Flight Operations Directorate at NASA Johnson Space Center (JSC).
As an ISS ETHOS flight controller, Katie is responsible for operating the environmental control and life support systems
and the internal thermal control systems on ISS, as well as leading the team through any emergencies that may occur.

Anna Thomas
athomas.gatech@gmail.com
2012-2013 Astronaut Scholar, Georgia Institute of Technology
Stanford University

Fundamental Studies of Green Rocket Propellants

ASTRONAUT SCHOLAR ABSTRACTS

An aim of current rocket propulsion research is to find safer, more cost-effective fuel alternatives to the currently used
and toxic hydrazine and its derivatives. Our lab at Stanford University is taking a closer look at feasible fuel and oxidizer
alternatives which meet or surpass the performance characteristics of hydrazine without the toxicity. Research in ionic
liquids has provided some options that fit these specifications, but with much room for improvement and further
research. Ionic liquids are salts with a melting point below 100°C containing cations (positively-charged molecules)
and anions (negatively-charged molecules). Certain types of ionic liquids have been found to have efficient hypergolic
reactivity with oxidizers, such as nitric acid, providing for a great alternative fuel option with reduced toxicity. Once
potential ionic fluid cation and anion combinations have been synthesized, we will measure their performance and
combustion properties in our droplet test chamber. Using this data, we will be able to iterate on this process and find
viable and well-performing fuels and oxidizers for varying design and mission goals.
Anna is finishing her first year of graduate school in Aeronautics and Astronautics at Stanford University. As a National
Science Foundation Graduate Research Fellow, she began investigating rocket fuel technology and hopes to make a
difference in rocket propulsion with her research on ionic liquids. She received her B.S. in Chemical and Biomolecular
Engineering from the Georgia Institute of Technology in 2013, and has completed internships with NASA Marshall,
NASA Glenn, Pratt & Whitney, and TWT GmbH in Munich, Germany. After graduation, she spent a year in Germany
doing research in Munich under a Fulbright grant from 2013-2014. She also lived in France, Greece, and Spain for
a couple months each working as an au pair or just to learn the language and about the culture before starting her
program at Stanford. Outside of engineering, she enjoys music, running, languages, and travelling. It is a goal of hers
to live in another country conducting research once more before the completion of her Ph.D.

Jocelyn Passty, Ph.D. (Renner)
jocelynrenner@gmail.com
2002-2003 Astronaut Scholar, University of Colorado at Boulder
GE Aviation

Crafting Fire
The Combustion Aero Design and Technology group of General Electric Aviation specializes in shaping the aerodynamic
design of combustors for the next generation of aircraft engines and aero derivative engines. Designing better, more
fuel efficient engines not only improves the quality and cost of operation, but also helps to minimize emissions of
pollutants into the atmosphere. Crafting our engines includes consideration of dozens of different aspects including
emissions, dynamics, reliability, cost, and operability. Our purpose is to “invent the future of flight, lift people up, and
bring them home safely.”
Jocelyn Passty works as a lead engineer for GE Aviation in the Combustion Aero Technology and Design group. Her
primary focus is developing efficient, low emission aero derivative engines for power generation. Jocelyn grew up
in Montrose, Colorado. She attended the University of Colorado, Boulder and was an Astronaut Scholar in 20022003. She received Bachelors degrees in Russian and Applied Mathematics from CU before completing a Ph.D. in
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Mechanical Engineering from Northwestern University in Evanston, IL. She currently lives in Charlotte, North Carolina,
with her husband Benjamin, two children, Anna and James, and two cats. Her free time is filled with music, writing,
photography, dancing, and reading.

Jeni Sorli
Jeni.Sorli@colorado.edu
2014-2015 Astronaut Scholar, University of Colorado at Boulder
University of Colorado at Boulder

Steam Methane Reforming at High Pressure on ALD Catalysts

ASTRONAUT SCHOLAR ABSTRACTS

Natural gas flaring is an enormous problem in the United States and worldwide. In 2008 it was estimated that 150 billion
cubic meters of natural gas were flared through the oil acquisition process and refining, which could provide energy
to fuel up to 20% of the United States’ annual energy consumption 1. Steam methane reforming was studied using
atomic layer deposition catalysts as a method of converting natural gas to syngas, which can be used in downstream
processes such as Fischer-Tropsch to produce liquid fuels. Nickel and cobalt one-cycle catalysts on alumina were
produced and tested at low temperatures and 150 psi to determine their efficacy in performing the steam methane
reforming reaction. The cobalt catalyst was able to produce CO gas at low temperatures, with an average conversion
of 94 ± 2% at a temperature of 300°C. Additionally, the selectivity of CO to CO2 was also the highest at the lower
temperatures. Nickel catalyst results were limited in their final calculations due to instrument failure, but preliminary
results suggest they may perform more admirably at lower temperatures than the cobalt catalyst.
Jeni Sorli graduated from the University of Colorado in May, 2015 with her B.S. in Chemical Engineering. She has done
research in clean energy during the course of her undergraduate curriculum, as well as two internships in traditional
oil and gas. She will be spending the summer working on her family’s ranch in Montana before moving to New Jersey
in the fall to pursue her Ph.D. in Chemical Engineering at Princeton University.

Ryan Milcarek
rjmilcarek@gmail.com
2013-2014 Astronaut Scholar, Syracuse University
Syracuse University

Flame-Assisted Fuel Cell Furnace for Combined Heating and micro-Power (FFF
CHµP): Flame-assisted Fuel Cells Using Methane
Solid Oxide Fuel Cells (SOFCs) operating in a Flame-assisted Fuel Cell (FFC) setup have potential for Combined Heating
and micro-Power (CHµP) applications. For example, flame-assisted fuel cells (FFCs) can be integrated into a gas-fired
up-flow furnace to enable the generation of both electricity and heat from the fuel, transforming the furnace into a
FFC CHµP system. The FFCs will be integrated with the furnace burners in a modified setup to allow staged combustion
with a slightly rich 1st stage/FFC, then a leaner 2nd stage to complete combustion in the flues. Combustion in both
stages will produce the heat needed for the heat exchanger as well as the heat needed for SOFC operation. The system
will extract ~ 1 kWe of power from a 60,000-100,000 Btu/h furnace. The feasibility of a FFC furnace operating with
natural gas is investigated by using methane/ air flames. The confrontation between the FFCs operating temperature
and fuel concentration under various conditions was investigated, which uncovered complex performance behavior. A
‘critical distance’ for FFC placement above the burner outlet was uncovered, which has a significant impact on the FFCs
performance. A high power density of 791 mW.cm-2 was achieved, which is comparable to the dual chamber SOFC and
single chamber SOFC.
Ryan Milcarek is a Mechanical & Aerospace Engineering Ph.D. student at Syracuse University with a focus in Energy
Conversion and Energy Systems Engineering. He worked for the Department of Energy’s Industrial Assessment Center
(IAC) at Syracuse University specializing in HVAC/R energy saving measures prior to starting his graduate studies. Ryan
currently works as a Research Assistant in the Combustion and Energy Research Laboratory (COMER). His current
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research is focused on new catalyst development, ceramic materials for SOFCs, Rich-burn, Quick-mix, Lean-burn (RQL)
combustion, fuel cell modeling, fuel cell technology applications and system design. Ryan is a Syracuse University
Graduate Fellow. While at Syracuse, he met his wife Brittany. They enjoy raising their 2 daughters together.

Alex Carney
alexanderjcarney@gmail.com
2011-2012 Astronaut Scholar, University of Michigan
University of California, Berkeley

Green Technology and Education in Brazil

ASTRONAUT SCHOLAR ABSTRACTS

Brazil is well established as a crucial conservation area for both local biodiversity and for the environmental health
of the entire planet. As an emerging global economic power, the country faces ever increasing pressures on energy
production, environmental resources, and waste disposal. It is not all bad news; Brazil is very aware of the value of its
natural wealth and research and use of alternatives such as bio fuels are at all-time highs, but much work must be done
to ensure that the country grows sustainably.
This talk will discuss the work of the Juara Foundation in the rural Pantanal region of western Brazil. We work to develop
and implement sustainable technologies and in parallel to educate the local population about their use, importance,
and the science behind them. Examples include: solar and wind power generation, bio-sand water filters, and bio-waste
digesters. This work is interesting not as cutting edge science, but because we turn existing science into products and
techniques that can be built, maintained, and understood by local people with local materials. Much of the design,
testing, and implementation is done through summer study-abroad programs we run with University of Michigan
engineering students, providing valuable on-site and creative engineering experience.
Alex Carney is a mathematics Ph.D. student at UC Berkeley and an executive board member of the Juara Foundation,
where he oversees education and sustainable technology projects in Brazil, as well as running music education
programs at a youth orchestra and rural orphanage. He earned master’s degrees in mathematics and science and
technology studies from Cambridge and University College London while studying as a 2012 Marshall Scholar. Alex
has performed and taught as a violinist in several countries, playing jazz and folk as well as classical music. He enjoys
traveling, running, and is currently undefeated in the chocolate milk mile.

Jillian Yuricich
yuricich.2@buckeyemail.osu.edu
2014-2015 Astronaut Scholar, The Ohio State University
The Ohio State University

Turbulence Intensity at Inlet of 80- by 120-Foot Wind Tunnel Caused by Upwind
Blockage
The National Full-Scale Aerodynamics Complex 80- by 120-Foot Wind Tunnel (80 x 120) at NASA Ames Research
Center has operated as the world’s largest wind tunnel since the facility’s inception. Because the 80 x 120 inlet draws
in air from the environment, precautions were taken during its design to reduce the effects of turbulence from
ambient air by including inlet guide vanes, splitters, and screens. The effect of upwind buildings is unknown, and
with the construction of a new Google building complex approximately 1400 feet upwind from the 80 x 120 inlet, it
is necessary to investigate the consequences of such structures. A 1/50th-scale model of the 80 x 120 was tested to
provide quantitative measurements for the increase in turbulence caused by a generic two-dimensional blockage
located directly in front of the inlet. Tests were conducted at various blockage distances ahead of the inlet to identify
when the effects of such an obstruction were no longer detected by a probe mounted at the centerline of the inlet.
The resulting method necessitated splitting each two-minute data point into ten-second segments for analysis. Using
this method, turbulence measurements showed better repeatability and indicated a negligible increase in 80 x 120
inlet turbulence for a building height of 50 feet located more than 1000 feet upwind during quiescent atmospheric
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conditions. Because the Google complex falls outside of that limit, NASA is confident that the construction will have
little effect on the fidelity of the full-scale 80 x 120 during quiescent atmospheric conditions. The two-dimensional
blockage measurements were part of a larger study to provide data on the 80 x 120 turbulence from specific upwind
architecture including current buildings and the Google complex under both quiescent atmospheric conditions and
non-zero atmospheric wind.

ASTRONAUT SCHOLAR ABSTRACTS

Jillian is a 4th year in aerospace engineering at The Ohio State University. She is the Vice President and Public Policy
Chair for the Student AIAA organization. This summer, she plans to return to Naval Air Station Patuxent River in
southern Maryland to work for the Naval Air Systems Command in the flight test department with fixed-wing aircraft
(fighters and unmanned aerial vehicles) and their ship-suitability characteristics, which include take-off and landing
performance on aircraft carriers. Her previous internship experiences include working with Rolls-Royce North America
in Indianapolis, Indiana in the Defense Airworthiness branch and with NASA Ames Research Center in the Rotorcraft
Aeromechanics branch. The research completed at NASA Ames led to a published NASA technical report in December
2014. Jillian intends on applying to graduate schools next fall to pursue a Master’s degree in Aerospace Engineering
with ultimate plans to earn a Ph.D. and pursue her dream of becoming an astronaut. In her free time, she loves to paint,
sing, read, and watch movies, and she is a passionate Ohio State football fan.

Zoe Hesp
hesp.1@buckeyemail.osu.edu
2011-2012 Astronaut Scholar, Miami University (Ohio)
The Ohio State University

The Role of Endogenous Progenitor Cells in Repair After Spinal Cord Injury
Spinal cord injury (SCI) is a devastating and irreversible trauma for which there are currently no successful interventions
beyond rigorous physical therapy. With up to 20,000 new cases a year and medical costs upwards of $3 million over
a lifetime, it is critical to gain a better understanding of the basic cell biology of the injured spinal cord in order to
make meaningful therapeutic advances. Our lab has a long track record of studying how one class of innate spinal
progenitor cells, known as NG2 cells, contribute to repair mechanisms after central nervous system trauma. NG2 cells
are progenitor cells that differentiate into oligodendrocytes, the myelinating cells of the CNS. Even if neuron/axon
regeneration is achieved after SCI, these neurons cannot fully function without concurrent replacement of mature
oligodendrocytes to myelinate, or insulate, new axons. Our lab uses a combination of molecular assays, transgenic
rodents, & electron and laser microscopy to better understand the dynamics of NG2 cell behavior after SCI with the
hope of uncovering novel therapeutic targets aimed at enhancing remyelination – and thus recovery – after injury.
Zoe graduated from Miami in 2012 with double majors in Zoology & French and a minor in Neuroscience. Currently
Zoe is pursuing her Ph.D. in Neuroscience at The Ohio State University. In addition to research, Zoe serves as Board
member of an educational non-profit called Nu Rho Psi, the National Honorary in Neuroscience. More recently Zoe
has begun working as a scientific consultant for biotechnology investors and start-ups in Ohio and New York. After
graduation Zoe plans to work full-time pursuing her new-found passion of biotech commercialization, especially as it
relates to the emerging fields of neurotechnology, digital wearables, and retail healthcare.

Jessica A.L. Blomberg, Ph.D. (LoDuca)
jblomberg@qualitycmcconsulting.com
1996-1998 Astronaut Scholar, University of Central Florida
Quality CMC Consulting, LLC

Virtual CMC Drug Development
Only 8% of drugs being developed for first-in-human studies ever make it to market, and on average it takes 12-15 years
and 500 million dollars to develop one drug. Pharmaceutical companies have begun to outsource CMC (Chemistry,
Manufacturing, and Controls) activities to streamline internal resources while supplying high quality drug products for
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use. The move to outsourcing has spawned a new industry around Virtual CMC development. Jessica will provide an
overview of the Virtual CMC area of pharmaceutical development and will discuss some of her particularly challenging
and rewarding projects.
Jessica is the owner of Quality CMC Consulting, LLC, a company she founded in 2013 to provide CMC support to
the pharmaceutical industry. She graduated with an Honors B.S. degree in Chemistry from UCF, a Ph.D. in Chemistry
from Duke University, and holds patents in drug formulation design. From 2007-2014 Jessica was on the executive
committee for the American Association of Pharmaceutical Scientists - North Carolina Pharmaceutical Discussion group
(AAPS-NCPDG), where she volunteered to serve, connect, and educate the local pharmaceutical community. Jessica
received the ASF/Mercury 7 Scholarship in 1996 and 1997, and currently is part of the 2015 ASF Mentor program.

Brandon Kulengowski
brandon.kulengowski@uky.edu

ASTRONAUT SCHOLAR ABSTRACTS

2012-2013 Astronaut Scholar, University of Kentucky
University of Kentucky

Susceptibility of Multi-drug Resistant Pseudomonas aeruginosa Against
Ceftolozane/Tazobactam, a Novel Antibiotic
Briefly, Pseudomonas aeruginosa (PSA) commonly causes bloodstream, respiratory, and urinary tract infections, and
PSA infections are among the most difficult to treat due to broad resistance to modern antibiotic therapy. Expectedly,
high and broad levels of resistance in PSA clinical isolates are associated with poor clinical outcomes, including
increased mortality. In addition to commonly observed resistance, there are few antimicrobial agents in development
that are active against PSA.
Ceftolozane/Tazobactam is one such agent recently approved for complicated urinary tract and intra-abdominal
infections and is being studied in ventilator-associated pneumonias. PSA commonly develops resistance to antibiotics
through the overproduction of hydrolyzing enzymes (AmpC, ESBL, MBL) that destroy the antibiotic, reduction in cell
membrane permeability (OprD loss), and/or the upregulation of efflux pumps. However, the advantage Ceftolozane
has compared to other antibiotics of the same class (cephalosporins) is having a low affinity for the AmpC enzyme but
an increased affinity for the penicillin-binding protein target site, and in vitro studies suggest fewer problems with
membrane permeability and efflux pumps. Furthermore, tazobactam is one of the most potent hydrolyzing enzyme
inhibitors which can improve ceftolozane’s activity against enzymes in the ESBL family.
In order to evaluate, at our medical center, the manufacturer claim of at least 90% susceptibility among PSA isolates,
we began collecting all multi-drug resistant (MDR defined as resistant to at least 3 different classes of antibiotics) PSA
isolates from UK Chandler Hospital and tested for susceptibility using the Kirby-Bauer disk diffusion technique. We
observed 91% (60/66 isolates) susceptibility to Ceftolozane/Tazobactam.
Although promising when comparing these isolates’ susceptibility to other modern antibiotics (~65%), it would be
prudent to understand what patient population would benefit from Ceftolozane/Tazobactam but not from other
antibiotics so as to limit the development of resistance to the novel agent, but to also balance making the best care
available to patients. As a result, Ceftolozane/Tazobactam’s place in anti-pseudomonal therapy is controversial.
Brandon Kulengowski is a PharmD/Master’s candidate whose research interests involve infectious disease and
microbiology. Presently, Brandon is working with multi-drug resistant bacteria in an effort to develop antibiotic
treatment strategies that will improve patient outcomes of infection. Specifically, organisms that commonly cause
urinary tract infections, pneumonias, bloodstream, or intra-abdominal infections are becoming increasingly resistant
to modern antibiotic therapy, and there aren’t many new antibiotics in development. To address this, Brandon
characterizes the susceptibility patterns of these organisms and models their behavior in vitro to develop optimal
dosing and combination strategies to combat these organisms.
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Luke Strauskulage
lstrausk@syr.edu
2014-2015 Astronaut Scholar, Syracuse University
Syracuse University

Characterization of the Role of SDA2 in Regulating Pathogen Defense in
Arabidopsis thaliana

ASTRONAUT SCHOLAR ABSTRACTS

Plant defense against pathogens involves a complex interplay of multiple defense-related proteins. The focus of
research in our laboratory is to determine the molecular and genetic mechanisms regulating pathogen defense in
plants. We use the model plant Arabidopsis thaliana in our studies of these molecular interactions. Previous studies
in our lab have determined that SMALL DEFENSE-ASSOCIATED PROTEIN 1 (SDA1) is required for pathogen defense in
Arabidopsis. SDA1 is a small 86 amino acid-long, plant-specific protein, which has homologs in several plant species.
All these proteins have a highly conserved novel seven amino acid (S/G)WA(D/E)QWD motif at the amino-terminus,
which suggests a critical role of this domain in protein function.
One of its homologs is SMALL DEFENSE-ASSOCIATED PROTEIN 2 (SDA2). SDA2 is a 77 amino acid-long protein that
shares 52% identity and 63% similarity to SDA1. In this work I have characterized the role of SDA2 in pathogen defense.
I show that SDA2 is required for defense against bacterial pathogens. Furthermore, I show that at the molecular level
SDA2 regulates expression of SDA1 and several pathogenesis-related proteins. Epistatic analysis shows that SDA2
functions upstream of SDA1. Our results suggest that SDA2 is an essential part of plant defense against bacterial
pathogens and regulates pathogen defense by regulating expression of a variety of pathogenesis-related genes via
SDA1. Our future studies will concentrate on better understanding of the role of the novel seven-amino acid conserved
motif in regulating the function of this class of proteins.
Luke just graduated from Syracuse University with a B.S. in Biotechnology and a minor in Education Studies. In addition
to the Astronaut Scholarship, he also received the Goldwater Scholarship for his research on plant defense. During
his free time at Syracuse University, Luke was an active competitor on the Mock Trial team and the Club Quidditch
team. In the long run, Luke hopes to combine his love of science and his passion for teaching. He plans to pursue a
career in academia where he can coordinate research while also teaching students. This summer, Luke will be joining
a molecular biology Ph.D. program at the University of California San Francisco.

Summer Morrill
summermorrill@gmail.com
2014-2015 Astronaut Scholar, Tufts University
Tufts University

Frequency and Mechanism of Expansion of the C-terminal Domain of Yeast RNA
Polymerase II
In eukaryotes there are three RNA polymerases, each with a different transcriptional function in the cell. One of these,
RNA polymerase II (RNAPII), is responsible for transcribing mRNAs; RNAPII is a multi-subunit enzyme with a catalytic
core and a unique tail at the C-terminal domain (CTD), a feature not found in other polymerases. RNAPII CTD is made
up of a series of tandem heptapeptide repeats with the amino acid sequence YSPTSPS, a sequence which is generally
conserved across eukaryotes, though the number of repeats varies ¬¬– there are 52 repeats in vertebrates, but only 26
in yeast. Though not catalytic, the CTD is essential to RNAPII function, coordinating the transcriptional cycle through
post-translational modification.
Severe truncation of RNAPII CTD adversely affects growth; at least 8 of the 26 wild-type repeats are necessary for
survival in yeast. The CTD, however, shows a remarkable ability to adapt to the stress of truncation ¬¬– it is able to
expand faithfully at an extremely high rate (~1x10-6) when truncated, suggesting a flexibility that is unusual for such
an essential gene. My research seeks to characterize the large-repeat expansion events observed in the truncated
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CTD through mutation rate analysis and the identification of repair factors involved in expansion of the CTD. We
propose that CTD expansion may be a natural mechanism for repairing damage, and for producing variation across
species. We believe that the specific repetitive sequence of the DNA in this region, and the topological features that it
possesses, allow RNAPII CTD the flexibility to change length over time, while still conferring stability to prevent largescale genomic rearrangements.
Summer Morrill graduated in May 2015 with a B.S in Biology from Tufts University. Her three years of research at Tufts
focused on the instability of large repetitive regions of DNA, culminating in the completion of a senior honors thesis
which is in the process of being published. She has also pursued research at University of New Hampshire and at
University of Michigan, studying topics across micro- and molecular biology. In the fall, she will begin her Ph.D. training
in Biology at Massachusetts Institute of Technology, where she hopes to study cancer biology and genetics.

Emily Erickson

ASTRONAUT SCHOLAR ABSTRACTS

ericksoe@purdue.edu
2013-2015 Astronaut Scholar, Purdue University
Purdue University

Role and Regulation of the Mammary Circadian Clock
Changes in modern lifestyle such as lack of sleep, stress, and light exposure late at night are associated with increased
rates of breast cancer. Most physiological processes including growth, development, and metabolism are controlled
by circadian clocks. Circadian clocks respond to environmental cues to synchronize internal physiological processes,
and thus disruption of this system may be responsible for this connection. The master clock in the brain coordinates
peripheral circadian clocks located in every tissue of the body including the mammary gland, and the core circadian
component CLOCK regulates circadian oscillation of gene expression. Currently, the physiological function of the
mammary clock, and the role of CLOCK in mammary cell growth and differentiation are unknown. Our objective
was to determine if the molecular clock controls mammary epithelial cell growth. shRNA specific for Clock was
transfected into a normal mouse mammary epithelial cell line, HC-11. Q-PCR and western blot analysis showed shClock
transfection significantly reduced Clock mRNA and protein abundance. Temporal analysis of molecular clock gene
Per1 showed loss of circadian oscillation in shClock transfected cells, indicating loss of molecular clock function. Cyclin
D1 expression was elevated in shClock transfected cells, and growth curve analysis revealed that shClock transfected
cells had significantly shorter doubling time than HC-11 control cells. These findings support that CLOCK regulates
mammary epithelial cell growth, and suggests that disruption of circadian clock mechanisms may lead to cancer by
altering cell growth regulation.
Emily Erickson is a 2015 graduate of Purdue University, where she majored in Biochemistry. She has worked in Dr. Karen
Plaut’s Mammary Gland Biology and Circadian Rhythm research lab at Purdue for the past four years. Emily interned
at the National Institutes of Health in the summer of 2013 and Mayo Clinic in the summer of 2014. At Purdue she was
involved with the Purdue Philharmonic Orchestra as principal violist, and was the co-founder and president of the
Purdue Goat Club. Emily is headed to graduate school at Cambridge University next year on a Churchill Scholarship to
continue her research in breast cancer.

Scott Isaacson
scott.g.isaacson@gmail.com
2010-2011 Astronaut Scholar, University of Minnesota
Stanford University

Fundamental Limits of Material Toughening with Molecularly Confined Polymers

13

Low-density hybrid molecular materials with organic and inorganic components engineered at molecular length
scales can be made to exhibit diverse mechanical, thermal, and optical properties. We present a novel class of hybrid
nanocomposites created through a unique backfilling approach in which selected polymers are homogeneously
infiltrated into the pores of a sol-gel nanoporous glass scaffold, leading to uniform mixing at extremely small lengthscales (~1 nm) and confinement of polymer chains to dimensions far smaller than their equilibrium molecular size. We

show that it is possible to dramatically improve the mechanical and fracture properties of a nanoporous organosilicate
matrix by filling the porosity with a polymeric second phase. These studies of confined polymers enable us to explore
the fundamental limits of nanocomposite toughening in terms of molecular strength, molecular size, and degree
of confinement. This study provides new insight into the mechanical behavior of polymer chains under nanoscale
confinement and suggests potential routes for increasing the cohesive strength of multifunctional nanocomposites,
where the traditional bulk toughening mechanisms may be absent.
Scott is a 4th-year graduate student in the Materials Science and Engineering Department at Stanford University. He
enjoys working on a variety of research topics, from fundamental polymer science to applied materials engineering for
aerospace applications. When not working, Scott enjoying hiking, rock climbing, and skiing.

William Green
williamgreen@rochester.edu

ASTRONAUT SCHOLAR ABSTRACTS

2014-2015 Astronaut Scholar, University of Rochester
University of Rochester

Design and Validation of an Athermal Twyman-Green Interferometer
Characterizing the temperature dependence of optical properties such as dn/dt and coefficient of thermal expansion
are integral to understanding system performance in a range of environments. Measuring the thermal sensitivity of
glasses or gradient-index (GRIN) materials requires a metrology setup which is comparatively insensitive. The design,
modelling, and calibration of an athermal Twyman-Green interferometer are presented. Methods for controlling
vibrations and undesirable temperature gradients are outlined. The theoretical thermal sensitivity is compared to test
results over a range of -40°C to 80°C.
Bill Green is majoring in Mechanical Engineering with a minor in Optics. He spent his first two years working on the Baja
SAE team, an engineering group that builds and races a custom off-road vehicle against other top colleges. After a year
as a design lead for Baja, he shifted his focus towards opto-mechanics, a field that involves the precision mounting of
optical components such as lenses, mirrors, and lasers. Currently he is designing lab equipment for an optics research
group on campus. This summer he is working on the spectrograph for the WFIRST space telescope at NASA’s Goddard
facility.

John Mehlhaff
johnm26@uw.edu
2014-2015 Astronaut Scholar, University of Washington
University of Washington

Fission Dynamics as a Configuration Interaction Problem
One of the difficulties in developing a theory of nuclear fission is that conventional methods treat the dynamics using
continuum coordinates. This renders many calculations difficult, even when carried out numerically. Our research has
taken a different approach, postulating that the quantum dynamics of fission may be modeled in a discrete basis and
exploring the physical implications of that assumption. In this paradigm, the nuclear wave function is allowed a finite
number of states and the time evolution is obtained relatively painlessly via standard linear algebraic techniques.
Results indicate that this approach is not only computationally efficient, but also produces physically sound behavior. In
certain arrangements of states the probability density obeys a diffusive law. In others we have been able to successfully
compute nuclear branching ratios.
John Mehlhaff currently attends the University of Washington and will be graduating with degrees in physics and
computer science in 2016. During his time as an undergraduate, John has participated in several research projects
in astronomy, nuclear physics, and in deep space tracking at the Jet Propulsion Laboratory, California Institute of
Technology. As he looks forward to graduate education, he hopes to continue to combine the insights yielded by
physics with powerful computational techniques to more thoroughly understand natural phenomena.
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